BACKGROUND: The aim of this study is to find a novel molecular target based on chromosomal alteration and array-based gene expression analyses in bladder cancer (BC). We investigated a cancer testis antigen, LY6K, which is located on chromosome 8q24.3. METHODS: Five BC cell lines were subjected to high-resolution array-comparative genomic hybridisation with 244 000 probes. The expression levels of LY6K mRNA were evaluated in BC cell lines and clinical BC specimens by real-time reverse transcription -PCR. The cell lines were subjected to fluorescence in situ hybridisation of LY6K. Cell viability was evaluated by cell growth, wound healing, and matrigel invasion assays. RESULTS: Typical gained loci (Po0.0001) at 6p21. 33-p21.32, 8q24.3, 9q34.13, 11q13.1-q14.1, 12q13.12-q13.13, 16p13.3, and 20q11.21-q13.33 were observed in all of the cell lines. We focused on 8q24.3 locus where LY6K gene harbours, and it was the top upregulated one in the gene profile from the BC cell line. LY6K mRNA expression was significantly higher in 91 BCs than in 37 normal bladder epitheliums (Po0.0001). Fluorescence in situ hybridisation validated that the high LY6K mRNA expression was due to gene amplification in the region where the gene harbours. Cell viability assays demonstrated that significant inhibitions of cell growth, migration, and invasion occured in LY6K knock down BC cell lines; converse phenomena were observed in a stable LY6K transfectant; and LY6K knockdown of the transfectant retrieved the original phenotype from the LY6K transfectant. CONCLUSION: Upregulation of the oncogenic LY6K gene located on the gained locus at 8q24.3 may contribute BC development.
Bladder cancer (BC) is among the five most common malignancies worldwide, and it is the second most common tumour of the genitourinary tract and the second most common cause of death in patients with genitourinary tract malignancies (Jemal et al, 2009) . In Japan, the age-standardised mortality rate of BC patients has increased slightly since 1993 (Qiu et al, 2009 ). The 5-year survival rate of patients with non-muscle-invasive BC is close to 90%, whereas that with muscle-invasive BC is B60%. In spite of various therapeutic treatments, more than 90% of patients with metastasis die within the first 5 years (Luke et al, 2009) . Therefore, new diagnostic methods and new treatments for BC are urgently needed.
Comparative genomic hybridisation (CGH) has facilitated chromosomal characterisation of solid tumours, as it can provide detailed information on gain and loss of tumour DNA across the entire genome (Inazawa et al, 2004; Ishkanian et al, 2004) . Conventional CGH is widely used to analyse many types of tumours, including BC (Hovey et al, 1998; Zhao et al, 1999; Simon et al, 2000; von Knobloch et al, 2000; Mahdy et al, 2001) . Recently, microarray-based CGH has been used by several groups to study copy number instability and aberration type in BC specimens (Stoehr et al, 2004; Blaveri et al, 2005; Shinoda et al, 2007; Yamamoto et al, 2007; Hurst et al, 2008) . According to the previous BC studies, frequent copy number gains have been observed at 1q, 3p, 3q, 5p, 6p, 8q, 10p, 11q, 12q, 17q, 19q, and 20q , whereas copy number losses have been observed at 2q, 4q, 5q, 8p, 9p, 9q, 10q, 11p, 11q, 13q, and 18q . These studies also demonstrated that the aberration patterns characterise invasive or non-invasive BC (Hovey et al, 1998; Zhao et al, 1999; Simon et al, 2000; Mahdy et al, 2001; Shinoda et al, 2007; Blaveri et al, 2009) , and that they could be progression markers for BC (von Knobloch et al, 2000; Stoehr et al, 2004; Yamamoto et al, 2007) . Their findings suggest that promising candidates for tumour-related genes might be located where the aberrations occur. However, identification of tumourrelated genes is difficult because many genes are involved in the larger chromosomal areas.
Gene expression profiling by oligonucleotide microarray analysis is an excellent tool for screening candidate genes that have a tumour suppressive or oncogenic function in BC (Dyrskjot et al, 2003; Kawakami et al, 2006) . We previously found by microarray analysis that SKP2 and CKS1 contribute to progression and prognosis in BC (Kawakami et al, 2007) . However, the hundreds of candidate genes identified by microarray analysis can make it difficult for investigators to decide which genes to study. Expression analysis of genes located in regions of gains or losses has shown that the gene expression level changes along with the gene copy number (Inazawa et al, 2004; Ishkanian et al, 2004) . For example, comparisons of array-CGH and transcriptome data have shown that 40-60% of the genes in highly amplified regions are actually overexpressed (Pollack et al, 2002; Heidenblad et al, 2005) . Therefore, genome amplifications and homozygous deletions could be landmarks in cancer cell genomes for identifying oncogenes and tumour suppressor genes, respectively. Our group previously integrated array-CGH data analysis with gene expression profiling to identify candidate genes with oncogenic function in squamous cell carcinoma (Sugimoto et al, 2009) . We have now used high-resolution array-CGH, performed using about 244 000 probes with a length of 60-mer. This proved to be a powerful profiling tool because it detected more deletions and smaller regions of gains.
LY6K, which is located at 8q24.3, belongs to the LY6 family. It shows high homology to the low-molecular-weight glycosylphosphatidyl-inositol-anchored molecule, which is either a cell surface receptor or a secreted granule involved in the cell signaling pathway (de Nooij-van Dalen et al, 2003) . It is also a cancer/testis antigen, that is, a protein highly expressed in cancer cells but not in normal cells, except for testis (Scanlan et al, 2004; Ishikawa et al, 2007; Kono et al, 2009) . Several groups have shown elevated expression of LY6K mRNA in human head and neck squamous cell carcinomas and in lung, oesophageal, and breast cancers (de Nooij-van Dalen et al, 2003; Lee et al, 2006; Ishikawa et al, 2007) . However, little is known about the functional role of LY6K in BC development. We evaluated LY6K mRNA expression levels in clinical BC samples and established a stable LY6K transfectant for functional analysis of the gene.
MATERIALS AND METHODS

Cell lines and culture
We used five human BC cell lines: BOY was established in our laboratory from an Asian male patient aged 66 diagnosed with stage III BC with lung metastasis (Takemoto et al, 1997) ; T24, UMUC, and J82 were obtained from the American Type Culture Collection; and KK47 was established at Kanazawa University (Imao et al, 1999) and kindly provided. These cell lines were maintained in a minimum essential medium (Sigma-Aldrich, St Louis, MO, USA) supplemented with 10% fetal bovine serum (FBS; Equitech-Bio Inc., Kerrville, TX, USA) in a humidified atmosphere of 5% CO 2 and 95% air at 371C.
Array-CGH analysis of BC cell lines
Chromosomal DNA was isolated from the five cell lines using a FlexiGene (Qiagen, Hilden, Germany) in accordance with the manufacturer's protocol. The purity and molecular weight of the DNA were estimated using agarose gels. The Human Genome CGH Microarray 244K (Agilent Technologies, Palo Alto, CA, USA), which contains over 244 000 60-mer oligonucleotide probes, spanning coding and non-coding genomic sequences with median spacing of 7.4 and 16.5 kb, respectively, was used for copy number measurement. Human genomic DNA (Novagen, Madison, WI, USA) was used as a reference. Labelling, hybridisation, and scanning were performed in accordance with the manufacturer's protocol. Common aberrant loci were detected using CGH Analytics Software (Agilent Technologies) with the ADM2 algorithm (|log2 ratio|40.3, P-value o0.05, overlap o0.5; de Smith et al, 2007) . The array-CGH data from this study have been submitted to the NCBI Gene Expression Omnibus (GEO; http:// www.ncbi.nlm.nih.gov/geo) under accession no. GSE19714.
Oligonucleotide microarray analysis of BC cell lines
Total RNA was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) in accordance with the manufacturer's protocol. The integrity of the RNA was checked by a RNA 6000 Nano Assay kit and a 2100 Bioanalyzer (Agilent Technologies). The Whole Human Genome Microarray 44K (no. G4112F, Agilent Technologies), which contains over 41 000 60-mer oligonucleotide probes (GEO platform ID: GPL4133), was used for expression profiling. Hybridisation and washing were performed in accordance with the instructions of the manufacturer. Because no normal bladder epithelium cell line is commercially available, we used human bladder total RNA (Clontech, Mountain View, CA, USA) as a reference for microarray analysis. The arrays were scanned using a Packard GSI Lumonics ScanArray 4000 (Perkin Elmer, Boston, MA, USA). The data obtained were analysed by means of DNASIS array software (Hitachi Software Engineering, Yokohama, Japan), which converted the signal intensity for each spot into text format. The data from each microarray study were normalised using glucuronidase-b (GUSB) and expressed in absolute numbers. The oligonucleotide array data are available for reference (NCBI GEO; http://www.ncbi.nlm.nih.gov/geo; under accession no. GSE19716).
Clinical samples
In all, 91 tissue samples were obtained from BC patients who had undergone surgical resection at our institution between 2003 and 2007. Also used were 37 pathologically proven normal bladder epithelium (NBE) samples derived from organ-confined prostate cancer patients who underwent prostatectomy. The background and clinicopathological characteristics of the patients are summarised in Table 1 . These 128 samples were used for quantitative real-time reverse transcription PCR (RT -PCR). They were staged in accordance with the American Joint Committee on Cancer Union Internationale Contre le Cancer tumour -node -metastasis classification and histologically graded (Sobin and Wittekind, 2002) . Our study was approved by the Bioethics Committee of Kagoshima University; written previous informed consent and approval were given by the patients.
Sample preparation and total RNA extraction
Freshly harvested tissues, immediately frozen in liquid nitrogen and stored at À801C, were dissolved in TRIzol reagent (Invitrogen) for total RNA extraction following the protocol of the manufacturer. Total RNA from peripheral blood lymphocytes (PBLs) of BC patients were extracted by RNeasy Mini Kit (no. 74106, Qiagen). RNA density was measured with an Ultrospec 3100 Pro instrument (Amersham Biosciences, Piscataway, NJ, USA), and RNA quality was checked with the 2100 Bioanalyzer (Agilent Technologies).
Complementary DNA (cDNA) preparation and quantitative real-time RT -PCR First strand cDNA with 1 mg total RNA was synthesised using oligo-deoxythymidine primers of the RT system (Promega, Tokyo, Japan). Gene-specific PCR products were assayed continuously 
Immunoblotting
Total protein lysate was prepared with triple detergent lysis buffer composed of 50 mM tris-HCl (pH 8.0), 150 mM NaCl, 0.02% NaN3, 0.1% sodium dodecyl sulphate, 1% NP-40, and 0.5% sodium deoxycholate in the presence of a protease inhibitor cocktail (Sigma-Aldrich) and 100 mM phenylmethylsulfonyl fluoride. The protein lysate (50 mg per lane) was separated by NuPAGE electrophoresis on 4 -12% bis-tris gel (Invitrogen) and transferred to a polyvinylidene difluoride membrane. Immunoblotting was carried out with diluted (1:500) polyclonal LY6K antibody (no. IMG_4183, Imgenex, San Diego, CA, USA). After being washed, the membrane was incubated with goat anti-rabbit IgG horseradish peroxidase conjugate (Bio-Rad, Hercules, CA, USA). Specific complexes were visualised with an Amersham ECL Western blotting detection system (GE Healthcare, Little Chalfont, UK).
Small interfering RNA (siRNA) transfection
We obtained siRNA oligonucleotide target to LY6K (small interfering (si)-LY6K) from the ON-TARGETplus SMART pool (L-013771-01-0005; Dharmacon, IL, USA) and non-target as control (si-control) from the non-targeting pool (D-001810-10-05; Dharmacon). The T24/LY6K transfectant, and two BC cell lines (BOY and KK47) were transfected with 10 nM siRNA using Lipofectamine RNAiMAX (Invitrogen) reagent following the manufacturer's protocol to evaluate the knockdown effect of siRNA by quantitative real-time RT -PCR and western blot analysis.
Construction of LY6K expression vectors and transfection to T24 cells
The LY6K vector was constructed by inserting full-length LY6K cDNA into the BamH I and Hind III restriction sites of the pBApo-CMV Neo vector (Takara Bio, Otsu, Japan). The LY6K and non-targeting (control) vectors were transfected into T24 cells by calcium phosphate co-precipitation. We did not subject UMUC, in which the LY6K expression level was lower than in T24, because its growth was too slow and it was not suitable for transfection. The T24/LY6K transfectants were split and grown in selective medium with 1000 mg l À1 of G418. In all, 15 G418-resistant colonies were chosen and expanded in medium containing 200 mg l À1 of G418. DNA sequences for all constructs were confirmed by DNA sequencing (Bio Matrix Research Inc., Tokyo, Japan). Finally, we selected the one with the highest LY6K mRNA expression among the clones.
XTT assays
Cells were seeded at a density of 3 Â 10 3 cells per well in 96-well plates and incubated for 48 h. Subsequently, cell viability was determined by the XTT assay following the manufacturer's protocol (Roche Applied Sciences, Indianapolis, IN, USA). The plates were read using an MPR-A4i microplate reader (Tosho, Tokyo, Japan). All experiments were repeated in triplicate.
Wound healing assay
Cells (2 Â 10 5 ) were seeded into six-well plates and cultured in medium containing 10% of FBS to create a confluent monolayer. They were carefully wounded using 200-ml pipette tips and any cell debris was removed with phosphate-buffered saline. Microphotographs were taken, and quantitative analysis of the percentage of wound healing was calculated using the distance across the wound at 0 h and the indicated time for each cell lines. All experiments were repeated in triplicate.
Invasion assay
In vitro invasion assay was done using BD BioCoat Matrigel Invasion Chambers (BD Biosciences, Bedford, MA, USA) in 24-well plates. Cancer cells (5 Â 10 4 ) were added to the upper chamber, and the lower chamber was filled with conditioned medium. After being incubated for 24 h, cells that migrated through the membrane to the lower surface were stained with Giemsa solution. Four randomly selected Â 200 magnification fields were photographed, and the number of invading cells was counted. All experiments were repeated in duplicate.
Statistical analysis
The relationship between two groups of findings and numerical values obtained by real-time PCR and other assay was analysed with the Mann -Whitney U-test. The analysis software was Expert StatView (version 4, SAS Institute Inc., Cary, NC, USA); the box plot style with logarithmic scale was constructed, and the nonadjusted statistical level of significance of P-value was o0.05. The 95% confidence interval (CI) was calculated using Microsoft Office Excel (version 2007, Microsoft Corp., Redmond, WA, USA).
RESULTS
Genomic profiling of BC cell lines by array-CGH
To produce a comprehensive survey of genomic aberrations in BC, five BC cell lines were analysed using array-CGH for patterns of chromosomal gains and/or losses. Predominantly gained loci were observed at the several loci ( Figure 1A , and Supplementary  Table SI) . Among the gained loci, significant gains (Po0.001) at 6p21. 33-p21.32, 8q24.3, 9q34.13, 11q13.1-q14.1, 12q13.12-q13.13, 16p13.3, and 20q11.21-q13.33 were observed in all of the cell lines (100%; Table 2 ). On the other hand, lost loci were commonly found at 4p, 4q, 10p, 19p , and 21q in all cell lines (100%; Figure 1A , and Supplementary Table SII) . We focused on the gain locus at 8q24.3 that was one of the most frequent event in the cell lines ( Figure 1B , and Table 2), because it has not been studied in detail for BC. Figure 1C demonstrated that the log ratio of 141.9 -146.2 Mb on chromosome 8 (8q24.3) was robustly high in each cell line.
Genomic copy number and expression profile data at 8q24.3
To identify the genes involved in BC development, we evaluated the expression levels of 91 genes located at 8q24.3 for the five BC cell lines using an oligo-microarray. We identified 56 genes that were upregulated more than two-fold in comparison with the reference RNA (Table 3 upper). The LY6K gene was the top upregulated one in the gene profile from the BC cell line with a fold change of 28.62 (relative to normal bladder; Table 3 ). Hence, we focused on LY6K being a promising candidate gene for oncogenic function in BC development. We found that eight LY6 family genes were located on the region between 141.9 and 146.2 Mb on chromosome 8 (8q24.3; Figure 1C ). The expression levels of LY6E, GML, and LYPD2 were relatively upregulated with an average fold of 6.37, 3.67, and 1.34, whereas those of LYNX1, LY6H, and LY6D were not upregulated in the cell lines (Table 3 , bottom).
Evaluation of LY6K mRNA expression and the gene amplification in BC cell lines, and clinical BC samples Real-time RT -PCR revealed that the expression levels of LY6K mRNA were commonly low in human normal tissues except for testis ( Figure 2A) . In human BC cell lines, LY6K mRNA expression was abundant in KK47 (184.9-fold relative to normal bladder), modest in BOY (43.6-fold), and weak in T24 (7.2-fold; Figure 2A) . In clinical samples, LY6K mRNA expression was significantly higher in the 91 BC samples than in the 37 NBE samples (BC: mean 19.6±3.6, 95% CI 12.4 -26.8; NBE 2.4±0.6, 95% CI 1.0 -3.7; Integer value recurrence of copy number alterations in segmented data (y-axis) was plotted for each probe aligned along the x-axis in chromosome order. Red and green bars denote gain and loss of chromosome material, respectively. The most recurrent regions of DNA copy number gains were on chromosomes 1q, 8q, 11q, and 20q, whereas recurrent regions of copy number loss were on chromosomes 4p, 4q, 10p, 19p, and 21q. (B) Magnification of chromosome 8 locus in array-CGH profiling. Red and green denote 40.5 and o0.5 of log2 ratio value. The predominant aberration occurred at 8q24.3. (C) Smoothed copy number profile from 143.2 to 145.6 Mb on chromosome 8 (8q24.3) using CGH Analytics Software (Agilent Technologies). A total of 91 genes were located on this region, and LY6K was located at 143.8 Mb. Among the genes, 56 were upregulated more than two-fold compared with the reference RNA in the BC cell lines (Table 3 ).
Po0.0001; Figure 2B ). When we used a cut-off value of 3.7, which was the upper limit of 95% CI for NBEs, 62 of 91 BCs (68%) were determined to be samples with high LY6K mRNA expression. The expression levels of LY6K mRNA in (PBLs of BC patients (n ¼ 4) were extremely low compared with those of BCs and NBEs, indicating that PBL contamination does not increase the level of LY6K mRNA expression in BC tissues. We found no relationship between the LY6K mRNA expression and clinicopathological parameters (tumour stage, and grade). To investigate whether high LY6K mRNA expression depends on gene amplification at the gene location, we performed FISH. The gene amplification of LY6K (red signal) in comparison with that of the control centromere probe (green signal) was higher in BOY and KK47 and lower in T24 ( Figures 3A -C) . These results corresponded with the LY6K mRNA expression levels in these cell lines (Figure 2A) .
Effects of LY6K knockdown on cell growth, migration and invasion
For loss-of-function studies, we used BOY and KK47, in which the LY6K mRNA was markedly expressed (Figure 2A ). Real-time RT -PCR and immunoblotting demonstrated that LY6K mRNA expression was substantially lower after si-LY6K transfection to BOY and KK47 ( Figure 4A ). After 48-h si-LY6K transfection to each cell line, XTT assay revealed significant decreases in cell growth in si-LY6K transfectants in comparison with si-control transfectants (BOY, 74.1 ± 0.9% and 100 ± 0.6%, respectively, P ¼ 0.0039; and KK47, 88.2±1.5% and 100±6.5%, respectively, P ¼ 0.0163; Figure 4B ). We found no cytotoxic effect of the transfection reagent in the transfectants compared with the wild types. We subjected BOY to wound healing assay, which can evaluate both cell migration and cell proliferation activity, and matrigel invasion assay. We did not use KK47 because it was not suitable for the experiments because of its focal growth pattern. Wound healing assays demonstrated that the migration into the wound area was slower in the si-LY6K-transfected BOY than in the si-control-transfected BOY (54.9±3.6% and 100%, respectively, Po0.0001; Figure 4C ). Matrigel invasion assay showed that the number of cells invading through the membrane was significantly lower in the si-LY6K-transfected BOY than in the si-controltransfected BOY (21.5±5.5% and 100±14.8%, respectively, P ¼ 0.0016, Figure 4D ).
Effects of LY6K overexpression on cell growth, migration, and invasion
Because T24 showed a lower expression of LY6K mRNA relative to other cell lines (Figure 2A ), we established a stable T24/LY6K transfectant for gain of function studies. Real-time RT -PCR showed a high expression level of LY6K mRNA in the transfectant, whereas it was weak in the T24/non-targeting vector transfectant (control; Figure 5A ). Immunoblotting demonstrated a high expression of 17-kDa LY6K protein in the transfectant, whereas it was undetectable in the control ( Figure 5A ). Three independent XTT assays consistently demonstrated significant acceleration of cell growth in the transfectant compared with the control (162.1± 1.1% and 100 ± 1.3%, respectively, P ¼ 0.0039; Figure 5B ). Wound healing assays demonstrated that the transfectant migrated into the wound area more rapidly than the control (163.4±0% and 100±4.4%, respectively, P ¼ 0.0003; Figure 5C ). Matrigel invasion assay showed that the number of cells invading through the membrane was significantly higher in the transfectant than in the control (228.3±23.4% and 100±11.3%, respectively, P ¼ 0.0209; Figure 5D ).
Effects of LY6K knockdown in T24/LY6K transfectant on cell growth, migration, and invasion
To investigate whether LY6K knockdown retrieves the original phenotype of T24 from that of the T24/LY6K transfectant, we transfected the transfectant with si-LY6K and subjected it to cell viability studies. Real-time RT -PCR and immunoblotting demonstrated that LY6K expression was substantially lower after the si-LY6K transfection ( Figure 6A ). After 48-h si-LY6K transfection of the transfectant, XTT assay revealed a significant decrease in cell growth in the si-LY6K transfectant compared with the si-control transfectant (84.7±2.0% and 100±1.7%, respectively, P ¼ 0.0039; Figure 6B ). Wound healing assays demonstrated that the migration into the wound area was slower in the si-LY6K transfectant than in the si-control transfectant (70.2±3.8% and 100%, respectively, P ¼ 0.0044; Figure 6C ). Matrigel invasion assay showed that the number of cells invading through the membrane was significantly lower in the si-LY6K transfectant than in the si-control transfectant (48.2±7.1% and 100±3.6%, respectively, P ¼ 0.0011; Figure 6D ). Gene expressions relative to normal bladder were calculated using comparative Ct method. The expression levels were commonly low in human normal tissues except for testis; they were high in two BC cell lines (BOY and KK47). (B) LY6K mRNA expression was significantly higher in clinical BC samples than in normal bladder epithelium (NBE) samples. Expression levels of LY6K mRNA in peripheral blood lymphocytes (PBL) of BC patients (n ¼ 4) were extremely low. The gene expressions were determined relative to average for NBE samples.
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DISCUSSION
In previous studies, chromosomal alteration analysis by CGH and gene expression profiling by microarray analysis have been investigated in various cancers (Inazawa et al, 2004; Ishkanian et al, 2004) . Several oncogenes on the gained loci were identified in BC in the previous array-CGH studies; for example, CCND1, a member of cyclinD1, FGF3/4, fibroblast growth factors and EMS1, a regulator of cell adhesion are located on 11q13 (Zaharieva et al, 2003) ; E2F3, a transcription factor positively regulating cell cycle, is located on 6p22 (Hurst et al, 2008) ; and KLK5, a serine protease involved in cancer progression, is located on 19q13.3 (Shinoda et al, 2007) . However, the large number of candidate genes identified by array-CGH analysis can make it difficult for researchers to identify the crucial onco-related ones. Although differential gene expression demonstrated by microarray-defined probes can be related to numerical or structural chromosomal alterations, it is unclear if such changes are also clustered in distinct chromosomes or genomic regions and whether chromosomal alterations always reflect gene expression changes. To address this issue, we used a high-resolution array containing about 244 000 probes, which enabled exhaustive detection of chromosomal gain or loss with a median spacing of 7.4 kb of cording regions. We found chromosomal copy number gains on chromosome arms 6p, 8q, 9q, 11q, 12q, 16p, and 20q and losses on chromosome arms 4p, 4q, 10p, 19p, and 21q in the five BC cell lines. Many regions showing copy number alteration matched those identified in the previous BC studies. We combined array-CGH data with mRNA expression data from oligo-microarray data analysis using five BC cell lines and 14 clinical BC samples (Kawakami et al, 2006) . By using three different genome-wide screenings in BC, we readily identified a new target gene, LY6K, located at 8q24.3, which has not been identified in array-CGH research of BC. We found marked copy number gains in most of the chromosome 8q24.3 region. Several oncogenes including MYC, PVT1, DDEF1, PTK2, GML, and BOP1 are located on this region, where the LY6K gene is closely located (Mahdy et al, 2001; Saramäki et al, 2006) . Our profile showed that these oncogenes were upregulated more than two-fold in the BC cell lines (Table 3) . These results suggest that the copy number gain of chromosome 8q24.3 has an important role in cancer development through overexpression of the oncogenes encoded in the region. Thus, gene profiling based on our multiple genome-wide screening enable the use of strategies for finding novel oncogenes in human BC. Several investigations found overexpression of LY6K in several human malignancies, such as head and neck squamous cell carcinomas and breast, lung, and oesophageal cancers (de Nooijvan Dalen et al, 2003; Scanlan et al, 2004; Lee et al, 2006; Ishikawa et al, 2007; Choi et al, 2009; Kono et al, 2009) . LY6K overexpression is associated with poorer prognosis for patients with non-small cell lung carcinomas as well as oesophageal squamous cell carcinomas (Ishikawa et al, 2007) . The migration activity was significantly higher in LY6K-transfected breast cancer cell lines (Choi et al, 2009 ). We established a permanent LY6K-transfected BC cell line and identified its persistent oncogenic functions including cell growth and invasion activity as well as its migration activity, all of which were retrieved by si-LY6K transfection. These findings suggest that LY6K functions as an oncogenic molecule and contributes to the development of various cancers. LY6K is also a cancer/testis antigen. A new immunotherapy using established cytotoxic T lymphocyte targeting LY6K was studied in lung and oesophageal cancer cell lines (Ishikawa et al, 2007; Kono et al, 2009) , meaning that LY6K is a promising target for BC immunotherapy. The other members of the LY6 family genes are mostly located at 8q24.3 (LY6D, LY6E, LY6H, SLURP1, LYPD2, LYNX1, and GML). The functional roles of these genes are not completely understood. Previous studies demonstrated that LY6D is highly expressed in colorectal cancer (Reichling et al, 2005) and that also LY6E is in pancreatic cancer stem cells (Gou et al, 2007) . LY6E and GML as well as LY6K were consistently among the top 40 upregulated genes in our profile. Thus, the LY6 family genes may have an oncogenic function in cooperation. However, our profile also showed that some of the LY6 family genes were not upregulated even though they are located on 8q24.3, wherein predominantly gained loci were located in the CGH array study. These results indicate that another epigenetic pathway might repress the mRNA expression of these genes. Further studies are necessary to elucidate whether LY6K expression in clinical specimen is actually regulated by the gained locus of 8q24.3. The LY6 family members are assumed to have functions related to cell signalling and/or cell adhesion (de Nooij-van Dalen et al, 2003; Lee et al, 2006; Choi et al, 2009 ) although the precise role of LY6K in carcinogenesis is still unknown. To gain further insight into which genes are affected by LY6K gene expression, we performed gene expression analysis of the LY6K transfectant. The functional annotations of the upregulated genes after LY6K transfection were distributed among nine categories including cell cycle, transcription, and signal transduction. Several clusters of genes in our profile are oncogenic molecules contributing to cancer development, for example, E2F genes (Hurst et al, 2008) , insulin-like growth factors (Huszar et al, 2009) , cell division cycle genes (Chen et al, 2006) , a-/btubulines (Canta et al, 2009) , and zinc finger proteins (Gommans et al, 2005; Supplementary Table SIII) . These results suggest that LY6K promotes and activates cell-cycle-related genes in BC. Further investigation is necessary to test this hypothesis. In our cohort, there was no significant relationship between the LY6K mRNA expression and clinicopathological parameters. Regional epigenetic silencing and activation of multiple genes unrelated to chromosomal alterations may affect the pathological parameters of individual tumours. More precise studies with various experiments are needed to explain these phenomena. In summary, our studies firstly demonstrated that LY6K gene may have an oncogenic activity in human BC and chromosomal gain locus of 8q24.3 where LY6K gene harbours may have a critical role for BC development. We conducted experiments to clarify the gain and loss of functions using a stable LY6K-transfected BC cell line and found that LY6K might have an oncogenic function, suggesting that it is a promising candidate for molecular targeting of human BC. 
